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Abstract

-Experimental Ipvestigation of a Spacial Model of Infornaxion"

An experiment tested the hypothesis that cognitive change resulting
from information inputs can be represented as linear motion of concepts
in multidimensional space. The theoretical background is reviewed and the
mathematical derivation of the hypothesis is given. A set of fifteen
nations was scaled using Woelfel's Galileo system of multidimensional
scaling. Experimental messages were introduced and the posttest inter-
concept distances compared vial those predicted by theory. The crucial
partial correlations were low, a-failure to confirm the hypothesis.
Seconaary analyses, suggested that the failure may have resulted from
inadequate control of message content and failuri to consider the
of "domain." The theory made better predictions fot a subset of the
concepts fbat night be.: domain.
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Introductiam

It pehapi unnecessary to renark thit ve would understand a great

deal more about human communication if we understood the bnmatisInd.

That in itself, however, is mat sufficient justification -for-commuttinacicra

theory to; embrace cognitive theory, The working assumption of this study

is'that there is potenti2lly a more specific kinship between the two fields:

that formal models of strtcture can be applied equally well to cognitions

and messages, and that constraints on process inherent in those structural

models can'shape'theories of the cognitive effects of comm=unication.

The specific hypothesis tested is taken from Craig (1975)1 In that

paper i distinguished beiween spacial and net-Work paradigms, developed

models of cognition, models of messages and theories of comM:unication effects

in terms of each paradigm, and.suggested strategies of integrating the.twp

perspectives. I suggested an experiment (Research Design 12) as a

potentially "crucial"-test of the general hypothesis of spacial structure.

That experiment was conducted and the results are reported here.
-

In the following sections I will (1) discuss the theoretical baCkgroudd
-111i

/

Of the research and present the derivation of the experilental hypothesis;.
/

(2) describe the design, procedures and analysis of Ehe study, (3) present

the results and (4) interpret the results, and consider alternati'

7explanations.

Theoretical Background

Spacial Hotels of Cognition

I

1 A

4 4/

....

.; )

Several theorists have developed more or less *e/aborate models of the
i 1

mind as a multidimensional space in which concepts are defined by their
,>
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locations.' The accumulated evidence strongly suggests the utility of the

general spacial model.

- .
Scott (1969), Schroder, Driver and Streufert (1967), Kelly (1963,

p. 146), PvrorP1 (1963) and Zajonc (190) are all cognitive tieorists1who

speak of cognition more or less generally as the projection of a st4r1lus

on a set of psychological dimensions, without, however, elaborating to any

great extent the "geometry" of cognitive space.

A far more developed spacial model is that of Osgood and his associates

(Osgood, Suci and Tannenbaum, 1957; Osgood, 1974). Osgood Inti-oduCes the

idea of "semantic space" as a model of the "affective meaning system": a

coordinate system vhose origin is the point of neutral mewing, and whose

axes are the general factors of a set of bipolar` attributes (the selt-ic

differential). Semantic differential research has disclosedthat at-least

some dino.nsions of s¢- --tic space are remarkably stable and invariant

across cognitive-domains. Osgood, Suci and TpriPabaum (1957) state:

The same three major factors of evaluation, potency and activity
(which were empirically rather than theoretically der±vvli have .

teappeared in a wide variety of judgmental situations, particularly
where the sampling oi concepts has been broad. The relative weights
of these factors have been fairly consistent: evaluation accounting

~for approximately double the amount of variance due to either pot'eacy
_or'activity, these two in turn being approximately double the weight

f
of any subsequent factors-. (p 325)

This central finding has held up quite well in subsequent studies in =any

cultures. Seventeen years after publication of The Measurtment of *'.Pacing,

Osgood (1974) is able to assert that the accumulated res

convincing evidence for the universality of'the affective

'(pp. 33\214).

is rather

g systee

The semantic space research nay be taken as evidence for the existence

of stable, spacial cognitive structures. Osgood's methods nay be attacked,

'however, on the ground that they beg the question bf whether cognitive space
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is best thought of as.an attribute space. ,egative evidence cannot be found

by a method which' involves measuring 7n,,Pni.nz on interval attribute scales

-and factoring those scales; the results will_necess4=Ily appear as diMkpsions.

A broader spacial model of cognition is found In the psychometric

literature on-nultidinensioLal scalingjTorgericra, 1958;._ paid et al.*

1972). Here algorithms have been developed to convert matrices of psychological

"distance" or "similarity" -among concepts into configurations of point

within spacial coordinate systems. The recent "nonmetric" scaling techniques

are' usually designed to 'produce a space of minimum dimensionality and

interpretability. A review of a sample of the nonmetric scaling literature

both tends to further evidence the validity of the general spar:dal, model .

f cognition and to demonstrate, the limitations of Osgood's veriion of the-

model-
.

Many multidimensional scaling.(MDS) studies have found interpretable

spacial configurations butnany of those studies also suggest thaOrot all

interpretable multidimensional spadial representations of cognitive structures

also have interpretable' dimensional structures. Spacial structures may

appear as interpretable clusters, circumplexes or other non-dimensional

formg:' The set oflpospible forms has been somewhat systematized by

Degernan (1972). Rapport and Fillenbaun (1972) demonstrated that color

terms in American English scale as p two didensional circumplex corresponding

quite closely to the theoretical color circle, and that "Have" words in

American English (return, 'steal, take, etc.) scale as a set of clusters in'

ti

space.

When ICS studies have found interpretable din6sions, the dimensions

are sometimes similar to the Evaluation,.Potency and Activity dimensions of

the semantic space and sometimes not. The study of Nations reported by



Wiah, Deutsch and Siemer (1972) found the equation-like dimension of

Political Alignment and the potency-like_dinension of Economic Development,

but also found dimeitsions,Of Geography-Population nd Cultqre-Race which

have no correspondence with semantic padae findings. Rosenberg and Sedlak

(1972) found, for personality terms, clear dimensions of good -bad and

don mane- submission. Burton (1972) found that occupation names fail

long dimensions of Dependency, Prestige and Skill, D'Andrade, et al. (1972)

found that disease terns scale by seriousness and conrAgion.

These studies all give evidencelath_of,tbe validity of the general

spacial model "of cognition and the utility -cf-MDS as a way of operationalizing

the spacial model. Perhaps more compelling evidence, however, comes from

those studies which have related spacial representations to human behavior

assumed to depend upon the cognitive similarity of objects. That such

relations hold has been demonstfated for the substitutability of consumer

Products (Steffire, 1972) and of political candidates (3iAuser, 1972):

products or candidates.found by MDS to be closer together are more likely
mot

.

to be substituted for of another (switched among) in the =skit or the

electoral arena. Jones-and Young (1972) found that 'frequency of social

communication could be predicted from distances among people in a spacial

representation of a social structure.
1

In sum, both semantic space and nonmetric MDS research tencisseb--

confirm the utility of a spacial model of cognition, in that those.studiis

have shown that the spacial representation is stable, valid omits face,

and reliably related to other human behavior.

The most general version of the spacial model has been pibposed by

.Woelfel (e.g., 1974a, 1974b, 1975) and his associates (e.g., Qoelfel-and

Saltiel, 1974; Danes and Woelfel, 1975; Taylor, Barnett and Serota, 1975).

7
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Wcelfel frees the spacial model from its:atiachilent to dimensional

int-erpretation and introduces both the navel idea of cognitive change as

motion of concepts of mUltidimensional.sfrace and the instrumentatior4 and

software to operationalixe that idea.

Woelfe3_postulates that cognition is a process vf relating objects

of thought to each brber. _Objects are distinguished by virtue of their

attributes. Woelfel's model, however, does not give a central place to

attributes as such. Rather, the aggregation of all respects in which two

cb:ects of thought differ is taken to underlie an overall dissinilarity

or psycholngical distance between the two objects. Thus distance rather

thaa-attribute,is the generating concept of:the model.- There is,no

assumption of an attribute space spanned by frruimriPntal factors.' The

dimensions of cognitive space need not in tfiemselves have any psychdlogical

significance; nor need the origin of the space mean anything (or notbirg!).

The cogn itive space may exhibit interpretable patterns: dimensions, cluster*

or other forms... Or the configuratioh of concepts may mot be at all
t

interpretable. in any cape, the configuration "is" just what it "is"; its

validity does not depend on its interpretability.

Pr
Wha t is oficep import to Woelfel is not the interpretability If cognitive

space but ,its dynamics. Change in the meaning of an object can be'

represented as movement of the object relative to other'objects. The

. \
crucial test of WoelfeIt.S model is whether "laws of motion" can be found

which parsimoniously account for the changes over time in cognitive RaX4F.

If such laws cannot be found,' or if mote parsimonious laws can be found in

another paradigm, then ,the model fails.

' Because the relationships it displays can be assumed, even in prinapite,
i

to be metely ordinal, nonmetric.MDS may be considered' unsuitable for the

it
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ie-:estikation oflsozioo in cognitive space. Thus their interest in the

St

as,

of.dlange h-n motivated the renewed interest of Woelfel and his

iates in the "classiCal" or "metric" approach, which rages stronger

assmptions ab;.:,ut measuremeot. This revived interest has led to the

development of the Galileo systema set of measurement and design techniques

and a package of computer programswhich adapts classical !!YS to Woelfel's

interest in the study of "cultural processes." The Galileo system has

been described in detail by Serota (1974), but a succinct overview of the

recnnique is provided by Taylor, Barnett and Serota (1975):

The subjects are given a complete (n(n=1)/2) list of pair
comparisons, for the set of concepts being scaled. They are asked
to make ratio judgments of the dissimilarity between concepts using
the form.

If x and Y are u units apart, how far apart are concept
a and concept b?

Such an item wording requests a distance judgment from a
respondent (". . . titKri far apart are a and b?"). However, it
requests that this judgment be made as a proportion of a standard
distace provided by the researcher ("ifix and y areu units
apart . ."). This format allows the respondent to report. ny
'positive value; the scale is thus unboubded.at.the high end,
continuous, and rounded with a true zero (identity - two
concepts are perceived to be the same).

Since the data for an individual case is-highly unreliable
(reliability being inversely proportional to the difficulty of
thejudgment task), and since our goal here is a measure of
social of cultural conceptions (Serota et al., 1975), we nay use
aggregation techniques to improve our measurements: By applying
the Central Limits,Theorem and Law of Large Numbers we find that

the arithmetic average of an responses for any cell in the matrix
will converge on the true mean for the population as the sample
gilovs large . . ."*

.
% . 0 " l.

The mean distance matrix is farther transformed to a scalar-.
products matrix which has been doable-centerej.(Torgerson, 1958)
to establish the Origin at the'oentroi'd of the, distribution..

. 4

*Studies by Barnett (1972) and by Danes and Woelfel (1975) have
achieved adequate levels of reliability with samples of well Under one .

hundred people. *

0

9



A
This'matrix is subsequently factored (using a direct iterative, At

unstandardized procedure) to achieve a coordinate matrix whose V
'columns are orthogonal axes and whose rows are the projections
of the concept location on each of the axes . . . This space
has the property of representing theeaverage distance judgments'
for all possible pairs" simultaneously. Additionally, the
mUltidimensional space is constructed.from the unstandardized
distance vectors between all possible pairs, and all variance in
the sample population is thus accounted-fir by the-n-diaensional
space.

Finally, this procedure is repeated at each point in time and
the spaces are rotated about thecentroid to a least-squares best
fit to provide approximations of the concept motions over tine..
From these resultant cross-time coordinate matrices we can fit
curves (trajectories) of motion which describe the relational
changes from the set. (pp. 4,5)

A more recent addition to the system is an alternative rotation procedure

which takes account of theoretical assumptions about which concepts have ,

and have not "moved" during the interval between observations (Woelf,e1

et al., 1975).

Woelfel's model has some shortcomings, the most severe of which arise

from the problems of measurement. The model handles measurement very

well in principle.hat_in practice it is just measurement which most

seriously limits the model's applicability. The model requires ratio.
;

.

measurements .of psychological digtance which, quite simply, cannot

be re iably. provided by individual human subjects, at least'under

procedu::>so far devised: Thus the model,, which one would like to.

describe individual as well as aggregate phenomena, can be tested only

on aggregate data.

Onedblad also attack Woelfel's model.by ci44g cognitive structures

which it seems unable to describe--my knowledge"of-how to-tie my shoes,

for example. But this sort of criticism ignores the large range of
1

..N
'

phenomena which the model does seem to describe, and avoids rather than

attacks the central issues raised by thi.model, which are,both'espirical

10
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and interesting. No claim Of universal synthesi can be'made for the

model. The literature of,cognitive theory is a cornucopia of spaces,.

networks, schemata, grouRs,Implicational structures, psychologics,

algorithms and/other paradigms (cf. Zajonc, 1968; Deese,-1969; Weick,

1968)-. To attempt to subsume all of those models under qqe model at the

I present stage would be folly.' -It would be better, as in the present ,

studt,tto tackle the issues, raised by a specific,. well-formulated model,

?-

attempting thereby to determine the range of phenomena to which it applies.

The literature strongly supports the inference that spacial model

can be meaningful and useful representations of cognitive structures.

This is not to say that all cognitive structures Can be represented

spacially,lut is-to say thata broad range of structures can be sci.

represented. The questionnow'becomes:whether the extensions of,the.model

implied by Woelfel's broad-statement of it are equally.validir

-Extensions of the Spacial Model: Models of Messages and Theories of
.Communication Effects'

A model of messages is,a model of."the formal characteristics of_

content analytic constructs." (Krbeendorf, 1969: 71) :A model of messages
,

flowing frqm the spacial model of cognition holds that a message is an

implicit matrix of inter-concept distances, whICh can be scaled or plotted

in the same way as aan the cognitive space which it reflects. Such ,a

model might be seen as just an extension of the accepted_notion that a

message can be scaled, for example, on an attktude,continuum. Instead of

an implicit attitude we assume an implicit distince matrix. This idea is

not entirely new. It bight be said to underlie Osgood's (1959) method of

"contingency analysis" as well as'more recent computational content analysis

4.

.

techniques that permit multidimensional scaling of.message content (Smith, 1974).
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Once we have const6cted a spacial model -of. messages we can ask how
. .

$

inputs of messagei so colimeived.would affect cognitive structures. This

.

leads difecay a spacial theory of communication effects. At t %most.

. , ....

%primitive le9el such a theory might aasert only that the motion brought
,I, - ,. 4

. ,

about by information would b<peaningiul" ointerpretabie" in much the
-, , ,

same sense as static multidimensional, scales'tend to be interftetable.
..

.
. .

V. ..

'Several studies of Woelfel's model have been claimed to demonstrate

meadingful motion. Gilham !(1972). Barnett, Serota and Taylor (1974);

Taylor, Barnett 'and Serota (1975); and:Woelfefet al. (1975) all report

studiei in which obtained changes in the locations of concepts generally
- ..

. . .
. . ,

Were successfuliy intarpreted.in light of known information inputs.. These

studies, however
I

share some important shortcomings. First, elespite the

purported precision of the model, the interpretative analysis in all cases
. .

%Was'qualitative and in two of the studies was,entirely post hoc,. 'while in-' //S

the other 00 studies' it was based on qualitative predictions. Se nd,
.

in every case he analysis focused on certain changes antrignore4'others.

There seems to have been no attempt made to systematichily eiOlain

observed changes, t o seek out evidence contrary to theory,

account for apparent anomalies.

Thus the evidence for the meaningfulness motion in cognitive space,
.

while suggestive, is.-far from conclusiv The research so far has not been

very rigorous; and in fact the ac ulated evidence largely consists of

post hoc interpretations of selected features of the observed changes in

spacial locations of concepts: The theoretiCal work in this area has 1

become quite developed. Needed has been research that will tie toge ther

the spacial models of cognition, messages and communication effects in

testing,precise,,a priori hypotheses derived framexplicit assumptions.

;-

12
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The research reported in this paper was designed to meet those needs.

A Theory of Linear Notion: Overview

The first step in rigorously testing the idea of remlingful notion

is to construct a more specific theory which Is falsifiable. One point

concerning spacial theories of communication effects should be made clear:

the test of ay tart cular theory is not equivalent to a test ofthe general
444

spacial model. Many spacial theories are possible--some more complicated.f
tan others. Thetheor5, to be presented here, for example, assumes ling.-Pl.

motion in a stable, Euclidian space. Complications such as.noidinear

motion and warpage of space cowld be introduced later if the simpler

theory fails to explain data. The general strategy should be to test

simpler theories first, and to complicate theories only when forced to by

data. It should be recognized, however, that there is a point at which the

repeated failure of ever-more-complex theorieg to account for the observed

phenomena would force us to conclude that the general spacial paradigm is

unfruitful. So while no study can provide a "crucial" test'of the general
°+1

spacial model (or even, for ghat matter, of the specific theory under

investigation), a study such as the present one can contribute to the

ultimate evaluation of the general spacial model.

Suppose that cognitive change resulting from information inputs can

be reptesented as linear motion in multidimensional space. This implies

that the change in7a concept results in precisely predictable changes in

tfie-,psycliologicil distances between that concept and all other concepts in

cognitive space. The principle can be seen-by imagining a number of objects'

arrayed on a table. Moving one-of the objects toward or away from asecond
,s

object changes the moved object's distances from all other objects in a

precisely determined fashion. As\applied to human cognition this say seta.

13
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a wild hypothesis, but it follows rigorously from a set of assumptions

are not dm themselves implausible: a conceptual structure in cognitive

space, and a message that is "about" the distances of a concept from some

other concept..

In order for our theory to permit numerical predictions we must admit

several further assumptions, the most important of which are those that

co-1.-ect the spacial model of messages to.the concept of cognitive motion:

a)theory of comMunication,effects.

For this study the theory chosen was Woelfel's Linear Force Aggregation

7-.eory. Saltiel and Woelfel (1975) explicate the theory and summarize the

sun-orting evidence. One :must concede that the evidence for the theory

is -at terribly strong, and that ook at behavioral research done from

oe.-_er theoretical perspectives --for e, studies of the relation of

message discrepancy to attitude' change, r pf information integration in

impression formationwould provide a weal dente suggesting that

more complex theories than Woelfel's are reilkired. Since our focus here,

however, is not on the exact shape of information processing curves but

is rather on testing of the fundamental idea of cognitive motion,-the

simplicity of the Linear Force Aggregation Theory is attractive. Furthermore,

because tht theory posits that attitudes are "made out of" accumulated

messages, the theory provides a direcf link, a linear relationship; between

messages and cognitive structures.

The Theory of Linear Motion makeaseveral.assumptions'beyond those

of Linear Force Aggregation Theory. Mose assumptions are apparent in the

derivation which follows.

A Theory of Linear Motion: Scope Conditions

The theory predicts the time t' distances among a set of concepts

(sr
ij

) given the, following:

14



(i) The following quantities are known: the set of distances

bii::een each pair of concepts i and 1 at ti=e t (sii),the projection

c: each 'concept on each dimension of cognitive space at t (fik), the

17_,rtial =ass of each concept (ni), the number of messages received in

_:.vernal t' (p), -and the set of assertions contained in messages

rc:,::ived during the interval t t'
4

; (ii) The interval t t' is sufficientgfor equilibrium to be

es:a'olisned in the cognitive space following receipt of messages.

;iii) No change occurs during the interval t - except that

:I known messages.

Derivation of the General Structural Equation

Woelfel's Linear Force Aggregation Theory states that a belief is

eq,lal to the mean value of all messages received. Translated into terms

of the spacial model,

(1) n

L

k=1
s1_3A..,

n

Where: s
ij

= the psychological distance between concepts i and j,

s
ijk = the distance proposed by message k,

n the total nunber of messages tthich have located i and j--
the 'inertial mass! of s

A direct implication is that the effect of "nee messages on an already

established belief is equivalent to a change in a mean given additional(N,

values.

(2)

s
ij

nsij
pi.

sij

n p n p

15
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Where:

13

s'
ij

= the new-belief

p = the number of new messages

ij
= the mean distance proposed by the new messages

In view of the conclusions of Woelfel and Saltiel (forthcoming), we ought

tc regard s'
ij

as an equilibridM value that will be approached over time

as the messages-are processed. In short, we are dealing beri with what

strictly might be called "comparative statics" rather than dyamics.

_Assume that n, the total number of messages which have located i

j, can be expressed as a sum of two quantities,

n = n n

V
.....-.erenandn.3 are the nunher of messages which have located i and j,

-respectively. This assumption allows us to partition the expression on

.t he right in equation (2) so as to reflect.-the relationship between in-

ertial mass and message effects.

(4)
s'

ij
= sij

n

p

p 3
(iij-si; 4 1/i .

p
. (iiy:sli)

n n + p

wnere the left bracketed ex ression is the change brought about. in j and

the right bracketed expression is the change brought about in-i. The

change brought about, that is, is inversely proportional to the number

of messages -which has located a concept. In still other words; the change

brought about by new messages is "apportioned" between i and j in inverse

proportion to their inertial masses.

Now assume thatA and j are located in a multidimensionarspace,

and our problem is to determine the change in location of a '"Mcived" cur

cept i wi th respect to all other concepts in the space. The first ,step



1.;:doingthisistonoternats.
ij

can be expressed in terns of the pro-

.fections of i and j on 'a set of orthogonal reference axes of the space.

(5)

w.ore c had f are the projections of i and j, respectively, onKaxis-ik ik

and r is the dimensionality of the space. iij and s'
ij

can, of course,

be expressed similarly.

Tne general structural equation for post-message pairwise distances

an concepts in't1;e space can now be derived in three steps. First,

we need ar'expression for ilk, the projection of concept i on axis f as

proposed by new sessages. Sedond, we need an expression for Pik, the

new equilibrium for the projection of i on f brought about by the new

messages. Third, we can write the general structural equation.

The expression for fik assumes that one-half of the change proposed
-

by i is directed toward corwept i, and that the change proposed is ap-

portioned among the dimensions of the space 'proportionate to the di Lance
. .

between the projections of i and j on the dimensionl.

(0 .. )
2

. fik = fik + (f
ik-, ,

fjk
1

. (i
ij

- s
fj

) .
fik --fjk

---
.fs

)2
2 ffik - fjk I

....
.

The last factor in expression (5) is needed to determine the sign

of the changes proposed in f ik . The expression for Vilesthe post-

message equilibrium value of the projection of concept i on axis f, can

now be adapted from the appropriate parts of equation (4).

n n p
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In equation (7), 7-3-- is multiplied by 2 to take account of the fact that

the derivation of ;if has already divided the progned change, and allo-

cated the change to concepts i and 3 separately. Note that if either

p =a or Zij=sij, then equations (61'and (7) result-in flik=fik. These

erimations, that is, can be applied to any concept in the space, regard-

less of whether any messages have affected ghat concept.

Substitution into equation (5) oaw

(8)
s'.. =

1.3
k=1

ik 3k

es the general structural

where i and j, are ani two concepts in the space. Equation (8) is a,

general structural equation znftae sense that, it gives the post-message

distances between.all pairs df conceptf, including pairs in which

neither, ane.or both concepts have been affected by messages.

.,..

18



Method

A pretest-manipulation-posttest, within-subjects experimental design

was used. Subjects were 64 graduate and undergraduate students ia-

ca=unication classes at a large university.

Fifteen c6cepts were scaled. The concepts were Nations. The Nations

were selected 14 a procedure that combined random and judgmental features.

Three messages were constructed. Each message argued that a pair of

nations was either "very similar" or "very differet." The messages were

of comparable length and structure.

In the pretest the fifteen nations were scaled. The subjects made

'direct, ratio judgments of the distances bett.een all 105 pairs of concepts.

The, subjects thea_read the messages, which were intended to induce motion

in six concepts, leaving nine concepts unmoved. The two sets'of concepts

(manipulated and not) provided experimental control. Theory predicts that

specific changes should hate occurred in 69 out of the 105 distances among

tthe fifteenconcepts, while the ruining 36 distances should not have
-N.

char?ed. The subjects aisO made estimates,o the distances between ranipulated

concepts "in the message," those estimates to be Used'as estimates of the

content of the messages. The subjects also rated the familiarity of the

countries. Those ratings were used Lo estimate the inertial masses of the
#

concepts.

In the posttest (one week liter) the subjects again read the three

messages, them again estimated the 105 inter-concept distances, whiche

distances were to be compared ,with those predicted by theory.
4

Pretest and posttest distances were aggregated across subjects and the

near distance matrices were subjected to metric multidimensional scaling, the

second 'space rotated to comparability With the first by two procedures

described by Woelfel et-al. (1975): (1) a "no stable concepts" rotation

19
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that assumes no real motidi Ilastaken place between measurements (least'

squares best fit of the coordinate matrices), and (2) a "stable concepts"

rotation that assumes "real- motion by the six manipulated concepts but

no others. Procedure (2) involi,es translating the coordinatePmztrices to

the centroid of the "stable" (assumed unmoved) concepts before rotation.

A computer program CrE=Ji0 vas written to input the coordinate

matrices and message contest and inertial mass estimates and output inter-

concept distancesa;d concept coordinate values as predicted by the theory

of linear motion under several sets of auxiliary 'assumptions discussed.

, .

below. These predicted values could then be compared with thOse actually

observed.

The fundamental hypothesis test is a correlation coefficient between .

precicted and observO.d posttest inter-concept distances among concepts.

'acre are, however, many different bases upon which the correlation can be

co7-uted. 'First, two different rotation procedures were used to make the

poFttest space comparable to the pretest space. Each, procedure (because it

inv'.,lves rotation of imaginary coordinates) yields a unique set of "observed"

posttest distances as computed from coordinate values. The actually

obFervtd distances are, of course, still a third set.t, Second, there are

t'-..ecretica/ grounds for supposing that the distances between concepts on the

first few dimensions of *cognitive sapce are more valid. than the "raw"

distances, since th latter include more error. Thus the correlation may be

com:-uted,on cumulative subsets of the dimensions of cognitive space. Third,

since the effects of information, rather than the mere stability-of cognitive

space, is at issue, the pretest distances should be controlled in the analysis.

This may be done by computing partial correlations.

All of these tests were computed and are reported heri.y Additional

20
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ccrreiations %fere computed and are not reported Sere. These involved the

use of "Iangf scores and the prediction of coordinate values. The patterns,
of these correlations mere deemed sufficiently sitilar to the reported

correlations to warrant their exclusion to save space.

Question Tres, messages, coq)utei progr=s and supplementary data

analyses are available from the author on request.
,.

IT

Results

Multidimensional'Scaiing Analysis

The resulp-14the metric !DS enalysig.re given in Tables 1 and 2

and in Figuretl.

Table 1 '0 the coordinate matrix for thepretest data. Table 2 is

the .1nrotated coordinate 'tatrix for the posttest data. Fifteen roots were
-- -

extractedISOm each distance matrfk. This result would be theoretically
. _

I

impnssibIe since n' points can always be reivesented- in n-1 or fewer

_di-nensional In each case, however, one dimension accounted for approximately

A
none of the varihce in the distance matrix. These coordinates,- as Serota

:points out (1974, O. 64),'" . . are artificial and represent rounding

error in the computer algorithm .

Three of the valid roots extracted from the pretest matrix were

negative, while two of the fourteen valid posttest roots were negative.

The negative roots accounted for about 6.7 percent of thi total pretest

ept_distances (the.total of their eigenyalues was - 11,553 as.

.

compared
/
to a trace of 161,713 for the matrix). The negative roots,accounied

fo about 2.7 percent of thetotal posttest inter-concept distances (the

'total of their eigetivaXues was -4397 as compared to a trace of 1610:92 for

the matrix)., Similar shrinkage of the imagigary dimensions has been toted
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in previous studiet (e.g., Taylor, Barnet and Serota, 1975).

Figute 1 is a three - dimensional plot of the results of the stablei
conc4ts rotation procedure. The figure shows both pretest and posttest

locations. The mares of the nations have been l abeled and the direc tion

of elange indicated 5y arrows. X, the first dimension, runs from left

"frc-nt: to right "rear"; Y, the second' dimension, is vertical; Z, the

thi-d dimension, runs from right "front" to left "rear." The X and Y

%v,

dimensions are readily interpretable as Economic Development and Political

Id..logy, 'respectively. The first dimension runs from U.S.4t and West

cro.,Ser-any at the high end through moderately developed Eruopecla and Litin

American countries to the-least developed African and Asian countries at the

low end. The second dimension runs from China and tT.S1S.K. at one end

thrc...gh various Asian and European countries to the American nations at the

end--a general, although not entirely consistent trend from most radical

to most conservative countries. These two dimensions arel6imilar to the

first two dimensions found in the nonmetric MDS analysis of nations by

Wish, Deutsch and Biener (1972)..

The third dimension is not so readily interpretable ( aor vas it in

the Wish et al. study). Regional clustering, however, is evident on the

X-Y plane 'with each quadrant corresponding,roughly to a continental zone.

The overail-simrlAriiy of the scaling result's to those obtained by

With et al. tends toi-confirm the validity.qf the presenf scale.

the reliability of the scale nay be assessed in at least two ways.

One is.to correlate the mean pretest inter-concept distances' with,the
E

corresponding posttest distances. The correfatton for all distances

(N -105) was :87; tgat for unmanipulated distances (those hypothesized not to

change, ,N=36) was .91; that, for all manipulated distances (W69) ins .84;

22
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tap'!'that for indirectly changed distances (N=66) was .85. Note that the

,1o1.--e'r correlation for the indirectly changed distances than that for all

!di4tances is consistent with the conclusion that the messages had indirect.
1

effects as hypothesized.,

A second way of assessing reliability is to en4ne the stability

of the coordinate system by correlating the pretest coordinates with the

posttest coordinates for each dimension. This,of course, may be strongly'
i.

influencecOgy the rotation procedures employed. For the no stable concepts

rotatibn, the reliabiliiet for the three largest real dir_Pilsions were .99,

.98 and .95 for the first, second and third dimensions, respectively; and

Ifor .t!-,e two largest imaginary dimensions, were .60an4.90.for the fourteenth

and fifteenth dimensions, respectively. For the stable concept rotation,

the reliabilitiei,for the first three d easion's were .99 .93 and...94, and

for the-last tvo were .52 and .18. The eliabilities seed adequate under

%-

both rotation procedures.

i night note, as an aside, that the fair stability of the imaginary,

dimensions tends to undermine interpretations of such dimeasionsas

indicating measurement error... Whate,;:er psychological meaning the imaginsiy

. dimensions-pay have, they are a stable phenomenon, not error.

,

.11

,

Hypothesis Tests

.

The mean of the absolute'changes of the three directly chaitged

distances.was'25.8. 'The mean of the absolute changes of the sixty-six
A.

indirectly changed astancis.was 12.3. The mean of the absolute changes

of the Thirty -six no change distances, was 10.8. This pattern is cqnsistent .

with the hypothesis. .

, -,
. ,..

'',

A 'rare direct test is given ty the Aorrefation of predicted 'With -
. , .

i '
ilk

1
111.

. ii ,
,.... .
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.
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6r-served Posttest inter - concept distances. As discussed above there were

maw distinct bases on which such a correlation right be computed. The

f results are presented in Tables 3 and 4.

In Table 3 are the zero order Pearson correlationi between the posttebt

4
inter-concept distance's (eij) and those predicted by the theory, either

including concept masses in the computations ('s j) or excluding concept

;asses from the computations (gip. All of the correlations (which, of

course, were highly interdependent) were statistically ly significant.

Most were greater than .8. Several general patterns in these correlations

may be noted. First, there was a tendency for the .correlations for the

"'comruted" posttest distances to increase in magnitude as less dimensions

were included in the computations. This wouli be expected since the lar4r

'-(lower) dirielasions are more stable, The for the actually

observed posttest distances, however, fit an opposite pattern, yielding

higher correlations for predictions based on more dimensions. This also

would be expected, "however, since the predictions based on only a few

dimensions are not truly comparable to the actually obsetvedposttest

distances, which are:as it were, based on all dimensions. Second, different,

_patterds resulted from the different rotation procedures. The stable

concepts rotation displayed a pattern, for all but computations based on

only the first dimension: of higher correlations for unManipulated distances

than for manipulated distances. The 'o stable Concepts rotation produced

no such pattern. The pattern of correla ons for"the actually observed
0

posttest distances was more similar to the stable concepts than to the no

stable concepts rotation--a fact which may suggest the greater validity of

the stable concepts procedure. Finally, there was-no clear pattern of

differences between correlations inlolving predictions taking account or not

0.

24"
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-taking account of the cofficept masses. Thus inertial mass, as measured in

the present study, did not clearly cantribute to the theory's predictive

phwer.

In fable 4 are the first order partial correlati controlling for

the pretest inter-concept distancis. These correlations were substantially
0,

lower than the zero order correlations, d&m.onstratini that much of the

accuracy of predictioh displayed.in Table 10 was.due'simply tO.t4e stability

over time of the aggregate cognitive space, a stability rightly assumed

by the theory. Three additional.facts aboUt this table are worth noting.

First, several of the partials were large enough to be statistically

significant (the meaning of this, however, is comtplicatedhy the inter-'.
.

dependence of the correlations). Second, the Irelatiouwere lowest when
. .

ligli

restricted to the 66 indirect changes, althoUgh a few ,(including, however,.

none of those, for the actually observed posttest distances) were still

=large enough to be significant. Thfrd,negative partials were observed

for correlations,based on the firit dimeasion'dnly, and those correlations
t

are among the largest in the table in absolute magnitude. The negative
.

. ., .
.

correlations and clearly contrary to the theory.

Discussion

5vaLation of Results
,

The results of this study do not appear to sport the hypothesis. The

corr4.ation of predicted and observed inter-concept distances showed that .

ithe
.

theory`predicts very well, but only betause it predicts the.general

ste-ility of the cognitive structure. When the pretest scores are

statistically controlled, especially when the, three direct changes, are also
.

.
. .

reneved from the analysis, the
(
predictive polder, of the theory becomes quite

- .
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poor in absolute terms: seldom does it account for as much is five percent

of the variance in the dependent variable. Isolated correlations might

appear promising, but the overall pattern does not. r

Certain results are strongly negative in their implications. Were

the theory correct, one would expect better results for the stable concepts

rotation than for the no stable concepts rotation, since the former assumes

the success of the experiments.

Yet the no stable concepts rotation gave results which were, if anything,

more supportive of the hypothesis. 'Even more disturbing are the

nezltive results ah the first dimension. Some of the strongest partial

correlations are negative correlations for.computations based on the first

dimension only. These correlationg aredontrary to the theory.

. ,

A closer eIamination of the plot, of the results (Figure 1) may shed

some light. The three experimental messages argued that Singapore and Fiji

are close, that Congo mad Guyana are'distani, and that Portugal and Brazil

are close. Consider the actual change of these countries as revealed in

Figure 1. While the net!-change in each case was as predicted, the motion

was not, as assumed b the theory, dir4ctly along the lines conneciiag the

pairs.' The slight et convergence of Singapore and Fiji resulted mostly

fro= changes aldng dimensions n plotted. The two countries actually

diverged on.the first and third di ensions (in the latter case bypassing

one another) and converged on the se d dimension only because of Singapore's

greater velocity; Fiji moved in the diredtion opposite tdthat predicted.

Again, Congo and Guyana's net divergence resulted from move cents at large

angles to the directions predicted. Regardless of rotation procedure one

of the most prominent changes was Congo's movement, contrary to prediction,

t'along the second dimension. The divergence of the two nations on the third
ea.

26
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dirsnsion was about as expected, but their lock-step motion on the first

d4r-nsicn vas quite opposite to that predicted. Finally, Portugal and

Bra7ii's net convergence occurred despite Bramil%s movements opposite to

predictions on the first and third dimensions and Portugal's opposite

moveript on the first and second dInencions. Net convergence on the second

and third dimensions occurred only because the country moving in the "right"
1'

direction tended to overtake the other country.

There are evident in the plot other changes that are not interpretable

in *_erns of the hypothesis. Several unmanipulated nations exhibited

apparently substantial movements. Oae noticeable tendency vas for the more.

extreme countries to move inwards in the general direction of the origin--

a pattern suggestive of the phenomenon of regression toward the,mean.

These changes are not interpretable in terms of facts known to the investigator.

Alternative Explanations

Seven alternative explanations of the results have been considered.

-

Some of the explanations save the theory by indicting the experiment, while

others point toward different theories.

Four ofithe seven alternative explanations are regarded as 41iatively

. AV
weak or implausible. First, the experiment may have Sailed due to wdik

messages. In fact, none of the three messages produced a quite statistically
4

significant change in-the distances'tq which it referred. This,-however,

was.Chalked up to he noisiness of the Galileo system of measurement at the

iddividuii level of analysis; all analyses in this study were one ulth

aggregated data. Second, some observed changes might be due to messages

from the environment beyond the experiment during the week between

observations. This cannot be ruled out because there vu no separate

2.7.



comtro: group of subjects, but I paid close attention to the rase media

that week annhvae been unable to draw any connection to that happened in

the study. Third, the design =ay tot have allowed enough tire following

the cessages for cognitive equilibrium to be established. If this were

true it would still not explain changes directionally opposite to those

pre4icted. Folirth, t ye motion of concepts during the study right have

beer partially a function of notion that was already underway prior to the

study. .This implies a Newtoniap notion of cognitive "inertia" which needs-

to he validated in its own right before it can carry ruch'veight in a case

such as the present one. These last two explanations could have been ruled

out by a second posttest had one been administered.

The fifth explanation is that the experiment failed because the spacial

model is radically wrong. One alternative model woad be'a cognitive network,

a set of concepts partially interconnected by various sorts of cognitive

links. I have previodaly.discussed this model in some detail (Craig, 1975).

Given a large" body of literature with whii I have become familiar since
kik

writing rhAr paper (e.g., Tulving and Donaldson, 1972), I would now give

the network model greater weight and a different treatment. A network

nodel,chawever,texplains the present results only in the,nather minformative

Sense that an incompletely connected network, viewed in terms of a sparcal

model, would behave strangely. Some indirect testsbof the network hypothesis,

were tried on the present data. These tests failed and are not reported for

reasons o space.

A sixth'explanation, and one which I find interesting, is that the

experimental messages were noisy; they contained "unintended" information,

and eo moved the concepts in unintended carectl.ons.

Here we confront a serious dilemma which no future experiment of this



soy: can ivnore. !. realistic and credible message cancerning a, particular

pa:: of concepts must, it would seen., ralp references to zany "third"

co--e?ts by way of introducing points of comparison or contrast between the

exy--rl-ental concepts. In tampering Fiji and Singapore, for example, we

that both were small, tropical, forner,British colonies, recently

ir-2e-eadent, and parliamentary democracies. Perhaps the weakest aspect of

study, in retrospect, was its assumption that the .information incorporated.

ir messages would exert force only along the line directly connecting

ere -"airs of manipulated concepts. In retrospect it would have beep just as

reat-z-nable, and perhaps more-reasonable to assume, for example, that saying

that Cingapore and Fiji are both parliamentary democracies not only would

move c'ingapore and Fiji toward each other but also would move both Singapore

and Fijitoward the concept of "parliamentary democracies." ibis, then is

the dilemma on the one hand',- we want realiStit, credible messages; on the

other hand, we can only include a linited number of concepts in the rulti-
,

dimensional scaling analysis. It seems that we rust choose either ineffective

or invalid manipulations.

The dilemma might be avoided if 47e had a truly adequate spacial model,
0 -

-

of message content. ?'ire immediately, the dilemma might be avoided by

thorough pretesting of the messages in several pilot studies width would

incorporate, in overlapping. parts, all othe concepts referred to in the

messages. The meaning of the nessagewauld then not be measured as it was

in this study, by a single item referring to the single pair of experimental

concepts. Rather the meaning would be neasured 137 a set of items referring to
c

_a set of reference,concepts common to all of the pretest studies and the,

main study. And the'movement of the manipulated concepts would,aot be

predicted to occur along the lines connecting the pairs; nor would the

29



7fc.rce cf the message be assured divided equally between the two ex periMental
.

concepts. Father, the movement of each concept would be predicted as a

linear furItion of its predicted movements with respect to the stole. set of

reference concepts. The theoretical prediction of "indirect" Changes would'

then be based on a set of concepts included in the rain study but mot i2

any of the pilot-studies.

, By comparison to this ideal set of procedures the messages used in this

stud: were little better than shots in the dark. Can the apparently chaotic

movements apparently induced by the experimental messages be explained by

..essv.,,i-cg that the messages were noisy? The answer, in general, is trivially

'yes. Less triiially_and more concretely, certain unpredicted Changes do
1111.....

deem directly attributable to certain unintended message contents. The

example of Singapore and Fiji is a case in point. Both countries, which

were said to be parliamentary derbcracies having capitalist economies, moved

toward the "eonservative".ead of the second dimension, which seemed to

represent politidal ideology. Another case concerns Congo. Congo's movement

toward the "radical" end of the second dimension was one of the most prominent

chailges it the study. This movement, which'was not at all predicted, is not

at all"surprising in view-of the assertions, in the message about Congo ind

,

Guyana, that,/(6 sngo has a ocialist economy and a one-party government, and

, is a self-proclaimed "cormunise_state. Perhaps we could even explain

Brazil's movement toward the African cluster as a consequence of the

reference in the message to Brazil as a former colony. Perhaps we could

explain Guyana's movement in a general "European" direction as a result of.

references to as a parliamentary democracy or as a member of the Britiih

Conmonwealth of Nations.

These post hoc explanations must be viewed with appropriate skeptitisa.

30 ,
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They do, however, support the general contention that the noisiness of the

experimental ressages cannot be ruled out as an alternative explanation whiCh

a

preserved the basic character of the theory of linear notion.

A se nth and final explanation"is that.the concepts in this study

.

failed to behave lawfully because there were too many of them, or because

'they, or some of them, were not reaniniful. Two factors are involved in

this explanation. First is the notion of information processing capacity.
AM.

'People can handle only a limited amount of information in a given period

of time. If the environment presents information beyond this limit, then

excess information is simply not processed systematically. By rough analogy

with experiments on short term memory we night suppose, that in an experiment

such as ours the mexirun nanber of concepts that would behave lawfully would

be about seven (Miller, 1960). The second possible factor is meaningfulness.
. -

Perhaps we cannot_expect a concept to behave lawfully just because it is,

included in an !'JS instiument;'perhaps we must know, in addition,- whether the

7

concept means anything to the subjects prior to administration of the

instrument. How many sulojedts in our study had ever heard of Guyana or

Fiji? Can we claim; to have measured the meaning of these concepts, or must

- we admit to having merely created an apparent meaning by including them
9

along with the rest of the concepts? And can we expect such pseudo - cognitions,

if they exist in the study, to behave Lawfully?

These.tilo factors point to the concept of "domain," a set of concepts

that behave together as a unit, or are, in Scott's (1969) terns, "functionally

equivalent." Under this explanation the laws of motion do not apply to just

,any set of concepts; the concepts must compose a domain. There may be an

'upper limit to the size of domains. Spaces including more than that number

of 'concepts would not behave lawfully. If the limit is around seven, then
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this study, with-fifteen concepts, exceeds the limit Or again, there

=ay be some "critical =Ss" rIlr a concept must attain before it can

f=ction as part of a aomain 'The theory of 34,,exr =6: tic= has assamea that

=SS is'importent =IF as resistance to motion: the more maws. the more

resistance. Now we must er whether nearly massless concepts are at all

capable of lawful motion.

The data of this study were exanined fiom several stvrlapoints is an

effoit to test this altermatiim hypothesis. :Particular attention was

focused on subsets of about seven concepts that might, for one or another

reason, constitute a domain Predictions of distances involving the seven

highest =ass concepts,. and predictions of the smallest third of the inter-

concept distances, were examined and found tt be no better than predictions
4

fore the whole set of distances. Thus the present study offers no direct

=Port forthe contention that concepts can belong to a domain only if

they have a certain critical =ass or if they are close to each other in

cognitive space.

A third subset of distances, ho ever, was found toconform mole

closely to the theory than did the data as a, whole. These were the

distantes among the six ranipulated concepts: fifteen distances, or if

the three directly changed distances are excluded, twelve distances.

Table 5 displays the partial correlations (controlling pretest distances)

ot rredicted with observed posttest distances for the twelve indirectly

charged distances.mong the six manipulated concepts. These partials are,

on-t^e whole, subst4ntially higher in absolute magnitude than the corresponding

partials in Table 4. Few of them are statistically significant, but then

. .
iii roust be considered that they have only nine degrees of freedom.- Bad

thege partials appeared in Table 3 they would have been touted. as strong
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support for the theory, this despite some anon.aiies among th,PIN most

notably the (now even stronger) negative correlations for the first dimension.

Three factors seem to favor the theory. The first is the mnrftude of the

partials. The second is that the best results are achieved with the stable

concepts rotation, which assumes the success of the experiment The third

is that the correlations "peak" around the middle of the range of cumulative

dimensions (2 through 6 ef.m.nsioas), which presumably include the greatest

.proportion of reliable information.

r)ne must, of course, vie post hoc' analyses with some skepticism.

Still we can ask whether this particular subset of the concepts falls under

the alternative explanation. Do they compose a "domain" in a sense that

the wole set of concepts does tot? One interpretation is that the six

maetilated concepts constitute a domain just in consequence of being

manipulated, which entails both being mentioned in connection with each other

and being infused with information in the form of experimental messages

that night create the needed "critical naps." This interpretation is

interesting, but it should not be taken too seriously until the firdIng

has been replicated.
ti

Conclusion

As I pointed'out earlier, a test of a particular theory is not

.equ'_valent to a test of the general spacial model. If this study has not

been entirely decisive regarding the theory of linear motion, huh less has

-
it t.eeinzdecisive concerning the general spacial model. If the theory of

'linear notion Is false, some other cognitive "law of motion," perhaps more

-domplex,..may be:found to hold. The working assumption of the study, the

utility ,of general, formal models of information, of course, implies a still

wider, field of inquiry.
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Table 3. Pearson Correlations* of S'
:..i

with to'. -and tif BBroken
. J

to'.

Down by Number of Dimensions Included in ComputatiOnt; by

00 Method of ,Obtaining S'
ij '

and by Subsets of Cases:

Distances

Included Dimensions
in the Included in

Coup. S'
ij

Comp._

Predictor From No Fro= Stdbl:e_Actually

-Stable Con- 'Concepts Observed

Analysis Computations 3=5 ,cepts Rotation Rotation'""' S'
is

1-15 -.836 .804 .866

(N=I05) 3 .858 .815 .885

1-12 A. .864 .825 .867

.878 .831 .885'

1-9 A .838 .812 .866

.854 .822 .882

f-6'. .A .888 .838 .841

. - B .883' .838 .858

1-3 A .921 ,917 .8aL

B .922 .922 .828

1-2 A .954 ."903 .757

B .953 .904 .763'

A .964 .91173 .619

B .964 .619

1-15 . A .862 . .929 .914

B .862 .929 `.914'

Dlstalices

--Only

(N=36)

-1-12
B-

-887

.887

,901

.901

.889

.889

J-9 A .845 .881.'

.845 .912 .88r

f=6 A .878,. .922

44
.878' .922' .$57

1-73 A .918 .955 »806 -

B .9.18 .955 .806-;,,,

1-2 A .933 .945 .814

--B .933 :945 .814

1 A .949 .968 .594

B .949 :968 .594

I
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TL!iC 3. (continued)

i,:itances
.

S' Comp. S' Co
ij . - ij

=p.

In:ludd Dimensions Predictor From No From Stable Actually
i:-.. the Ptcluded in A=Sn

ij1
'Stable Con- Concepts Observed

Am_;:ysis Computations B=g.
ij

cepts Rotation Rotation - 3'1
j

A:1 1-15 A .824 .759 ..836
Manipu-
fated

Distances
1-12

B

A

.862

.859

.773

.1
.867

.858
(N=69)

B .885 .810 .887

1-9 R 843 .780 .864
3 .870 .796 .890

1-6 A .891 .808 .847
3 .898 .807 .872

1-3 A .925 .904 .831
B .928 .912 .843

1-2 A .964 .880 .736
B .963 .881 .746

.1 A .973, .976 .631
B .973:, .975 .631

.

indirectly 1-15 A .826
.

.752 .849
Changed B \ .837 .747 .851
Distances
6i=66)eNts 1-12 A

B
.860

.861
.795
?88

.870

.869

1-9 A .836 .770 '.874

B .844. .768 .873

1-6 A .876 .788 .855
. a .877 .78 .860

1-3 A .919 05 .856
B .919 .910 .856

s. 1-2 A .963 .876 .765
B .960 .876 .762

1 A .972 .975 .616
Bt .972 .9/5 .616

*- All correlations in t4s'table are significant, p<.001, one-tailed test.

, N
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Table 4.,

40

First Ordet Partial Correlations (Controlling Sij) of'S

with tn and t 3rUken Down by ':amber of Dimensio Included

in Conpatations, by lietbod 9f Obtaining S'4i, and by Sabsets
of Cases.

Dastances

Included
in the

Analysis

Dimensions
Included in

Ccinputations

Predictor
A4=i3 '

B=S
ij

S' 'Con?. S'
ij

Conp.
ij

iron .No From Stable
Stable Con- Concepts

cepts Rotation Rotation
. .

Actually
Observed

S'
ij

All
(N=105)

1-15

1-12

1-9

1-6

1-3

1-2

1

A
3

A

A

3

A
3

A
B

A

A
B

. **** :346 * .209
*,** .358 *i .230

*** .317 *-.212
*** .330 * .225

** .294 * * .228
*** .311 * * .2-37

16.186 :057
* .200 .091

.

* * .280
* * .2601?7,

.017' .078

.051 .120

-.120 It.** -.346

-.144

*** .336
*** .370

*** .331
** * .36G

*** .315
*** .341

* * * .334
* 3-* .356

** .275
**

* .194
,* .180

-.060

,032

All
8anipu=

ed

Distances
(N'=69)

G

1-15

1-12

1-9

1-6

1-3

1-2

1,

B

A

A
B ti

A

A

A

A
B

* .444 .224
* * * .455 * .244

*** .414 , * .239
* * * .4,25 * .249

*** .388 * .262
*** .405

' * .-264

* .238" '.059

* .253 .094

* .207 **.57
.196 ** .325

.006 .072

.050 -lib

-.171 ***-.436

*-.204 *** -.402

*** .385
*** .425

*** .412
*-** .444

*** .402
*** :430

* ** .420
* ** .450

*** .373
** .347

* .261
* .234

.074

.040

or.

. 43., .
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)Thole 4 (continued)

Distastes Corp.
ij

Sr
ij

Corp.

included Dincnslons Predictor From So iron Stable Actually
in the Included in A 4 =

ij
Stable Con- Concepts' Observed

Analysis Computations
ij

cepts Rotation 2ptatiou
101

Si
.

Indirectly 1-15.= A .242 .062 .150
Changed * .249 .079 , .183
Distances

1-12 A .171 .066 .149
3 .179 .074 .173

1-9 A. .204 .094 .137
3 * .216 .093 .155

1-6 A .112 -.021 .165
.126 .024 .187

1-3 A :114 * .255 .082
3 .105 * .227 .052

1-2 A . -.054 ' .026 ':006
B -.004 .080 -.033

1 A -.133 ***-.424 -.035
B -.190 ***-.386 -.066

* p<.05, one-tailed test
p4.0I, one-railed test

*** p<.001, ope-tailed test

.44
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.First Ordet Partial Correlations (Controlling S
ij

) of

S'
ij

with tm
ij

and S
ij

for Indirectly Changed Distances

AMong Manipulated Concepts On/y.

tiensions. Predictor S'
i 3

Computed

A=tr.
ij

From No Stable

Cc-r-putations 3=S.. Concepts Rotation
13

S'
ij

Computed

,From Stable`

Actually

Obseried

Concepts Rotation S'
i3

2-15 A .436 .359 .359
3 .449. .402 .402

1-12 .364 .392 e .403
.397 .424. .444

1-9 A .322 .416 .352
3 .357 .436 .414

1

4
.336

.321
'lc .532

*..528
-.511

* .523

1-3 A .335 .466 .165
3 .362 ' .437 ''.163

.A .333 ** .775 -.213
.474 ** .793 -.138

A
.

-. 490 -.5.12
3 *--553 -.484 -.027

;

* p<05, one-Wied test, d.f. = 9
** P<.01, one-tailed test, d.f. = 9

11,

I

or

I. 0
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or

(
Concepts: (1) China

Singapore
Mexico .

'U.S.A.-

,Portugal:
Poland

4 -2:dia
Fiji

.

(2)'"

-(3)
(4)

(5)

.
(6)

(7)
(8)

Figure

(9) Meat Germany
(10) Brazil

(11) Central Africa Republic
*.(12.) -Greece

(13) U.S.S.R.
(14) Congo.
(15) Guyana

Plot of FirAt'Tbree Dimensions? Pritest and stoat,
Stable Cone*, Rotation;

4
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